When terrestrial quadrupeds are dropped from the supine position, animals reflexively rotate their head and body and take a prone position in the air to prepare for landing upon their four limbs. This is called the air-righting reflex. Because there is no support surface during the fall, the air-righting reflex may provide facility to investigate neuronal mechanisms of postural control based on head-based sensors free from postural control based on somatosensory input.
in the air as well as on the floor.
Under barbiturate anesthesia (Nembutal, 50 mg/kg I.P.), adult male Wistar rats weighing 300-450 g (age 10 w and older) were decerebrated. After dorsal and lateral neocortices, the hippocampus and corpus callosum were removed by sucking on both sides. Three kinds of decerebrate animals were made by transection under visual control: in striatal and thalamic rats, transections were made at the levels of 2-3 mm anterior and 1-2 mm posterior to the bregma, respectively; and in midbrain rats, transection was made at the precollicular level. One midbrain rat was prepared using the second transection in a striatal animal which had been examined for behavior. To control bleeding during decerebration, both common carotid arteries were temporarily blocked. After the surgical operation, wounds were closed by suture, and animals were housed for recovery from narcosis in an air-conditioned room. Care was taken to keep the body temperature at nearly 37°C by adjusting heat radiation, and to maintain body weight by giving a 10% sucrose solution I.P. or S.C. To induce air-righting reflex, the animals were held in the air by grasping their limbs with experimenter's hands, the body being kept horizontal in the supine position. Then, the animals were released to fall from a height of 2 m above a soft, cushioned floor. The behavioral tests were performed on each animal, with 3-5 drops per day during post-operative Days 1-5. Air-righting movements were recorded using a videocassette camera (30 frames/s, shutter speed of 1 ms). Motion pictures were digitally captured by a personal computer for frame-to-frame analysis. After completion of data acquisition, all rats were sacrificed by means of transcardiac perfusion under deep anesthesia, and the brains were removed and fixed in 10% formalin solution. Brain lesions were examined histologically in frozen sections. Results obtained from rats having brain edema were discarded.
In total, 3 midbrain rats, 3 thalamic rats and 8 striatal rats were examined for righting movements. All of the animals displayed surface-righting reflexes well; when the animals were laid on their backs on a horizontal surface, they brought first their head and then their body into the upright position. However, airrighting movements were varied among the three kinds of decerebrate rats. Figure 1 illustrates the airrighting movements of control, intact animals. After being released to fall, the rats immediately showed ventroflexion of the body (see the 3rd and 4th frames of Fig. 1A ) and began to turn the head. Then, the upper body was twisted and the tail was counter-rotated, as clearly shown in Fig. 1B . During head turning and upper body twisting, the forelimbs were flexed in a slight open position (see the 5th-8th frames of Fig. 1A ). Near the end of upper body rotation, the lower body was rotated and the final posture for landing was attained. In the final posture, the head was raised slightly, the forelimbs were extended and close together, and the hindlimbs were extended and apart. The digits of the forelimbs and hindlimbs were splayed. Thalamic and midbrain rats usually performed airrighting movements 3-5 d post-operative, as shown in Fig. 2A and B, respectively. They could show a similar sequence of movements and similar final posture for landing to those of intact rats. Thalamic rats, however, showed slightly poor performance. The ventroflexion occurring at the initial stage was at a lesser degree (compare Figs. 2A and 1A) . In 3 thalamic rats tested, 2 rats performed successful air-righting reflex and one did not, which fell on its back. The three rats were given brain ablation and transection similar to that shown in Fig. 3A . Concerning the midbrain rat, all 3 of the animals tested showed good performance of the air-righting movement. Decerebration levels were almost the same for them (Fig. 3B) . Among them, one animal was prepared from a striatal animal. The rat had shown abnormal air-righting reflex (see below) on post-operative Day 4. After this observation, a second transection was given at the precollicular level. Then the animal performed successful airrighting movements 1 d later. In thalamic and midbrain animals prepared by single transection, the full sequence of movements of righting was not observed post-operative Days 1-2: they often fell on their backs; however, they could display surface-righting movements.
In contrast to the thalamic and midbrain rats, striatal animals were different. They could show individual movements, such as ventroflexion of the body, head turning, upper body twist, lower body twist and tail swing, but these movements were disorganized Fig. 2C , after being released, the rat attempted to right itself, so that ventroflexion of the body occurred: the upper body twisted and the tail swung (the 3rd-5th frames). Nevertheless, the head orientation remained rather fixed in space during the upper-body twisting. Head turning should occur in the early stage of normal righting. Lower body movement was evoked but was abnormal, and finally, the landing posture could not be attained. Figure 2D shows another example, where a defect in head turning is also noted. For this animal, the righting movement seemed to begin with lower body rotation. So far, 8 striatal rats were tested on post-operative Days 3-5, and such abnormalities were observed in all of the animals. The motor sequence and final landing postures varied from trial to trial even within the same animals. The full sequence of air-righting movements occurred in only a few trials (4 drops of success in total of 75 drops tested). All 8 striatal rats received transections at similar levels (Fig. 3C) .
The present study confirmed, in the rat, that midbrain animals can perform the air-righting reflex [1, 2, 10] . Furthermore, it was shown that the higher brain rostral to the thalamus interfered with the air-righting reflex center if the cerebral cortex was largely removed. The interference was manifested as disruption Japanese Journal of Physiology Vol. 50, No. 1, 2000 K. MASUDA and T. YAMAGUCHI 
